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SUMMARY 

Axial force,  normal force,  pi tching moment, and shock-wave shape were 
determined f o r  a body of revolution consis t ing o f  a short  blunt  10' semivertex 
angle cone with a f la t  base and a l so  with a conical afterbody having a semi- 
ver tex  angle of 50'. Measurements were made i n  helium a t  a free-stream Mach 
number of 15 and a free-stream Reynolds number of  2.25X106 based on maximum body 
diameter over an angle-of-attack range from 0' t o  1 8 0 ~ .  

The configuration with the  conical afterbody w a s  s t a t i c a l l y  s t ab le  i n  the 
nose-forward a t t i t u d e  only, whereas the  configuration with no afterbody w a s  
s t a t i c a l l y  stable i n  both the  nose-forward and base-forward a t t i t u d e s .  
and moment da ta  of both shapes were predicted reasonably well by modified 
Newtonian theory a t  a l l  angles of a t t ack  
f o r  the  model without afterbody near 180 I n  t h i s  region, meas- 
urements indicated s t a t i c  s t a b i l i t y ,  whereas theory indicated s t a t i c  i n s t a b i l i t y .  
The helium da ta  agreed reasonably well  with a l imi ted  amount of force and moment 
data obtained i n  a b a l l i s t i c  range a t  small angles of  a t t ack  i n  a i r  at a Mach 
number of 15 and a l s o  with force and moment data  obtained i n  a i r  over a complete 
angle-of-attack range a t  a Mach number of  5 . 5 .  The value of axial-force coeff i -  
c i en t  and the  shape of t he  bow shock wave a t  zero angle of a t t ack  f o r  both models 
obtained from a numerical flow f i e l d  ca lcu la t ion  agreed very well  with the  da t a .  
The value of the  axial force coef f ic ien t  a t  180° angle of a t t a c k  f o r  the  model 
with afterbody agreed reasonably well  with the  theo re t i ca l  value f o r  a cone. 
pos i t ion  and shape of the  shock envelope near the  s tagnat ion point  a l so  could be 
predicted accurately by an approximate method over an angle-of-attack range from 

The force 

except the  pitching-moment coef f ic ien t  
angle of  a t t ack .  6 

The 

00 t o  600. 

INTRODUCTION 

Aerodynamic da ta  on various vehicle shapes i s  needed f o r  designing unmanned 
instrumented probe vehicles  f o r  exploring the  atmospheres of near-Earth p l ane t s .  
An aerodynamic requirement f o r  such a vehicle may be t h a t  it be s t a t i c a l l y  s t ab le  
i n  only one a t t i t u d e .  The reason f o r  imposing t h i s  requirement i s  t h a t  



aerodynamic e f f e c t s  would o r i e n t  t he  vehic le  properly before it encountered the  
high-heating-rate por t ion  of t h e  t r a j e c t o r y  even though the  vehicle  began i t s  
e n t r y  i n  a random a t t i t u d e .  

A configurat ion known t o  sat isfy many requirements of an atmospheric probe 
cons i s t s  of a blunt-nosed 10' half-angle cone with a f l a t  base .  
however, have shown t h a t  f la t -based bodies of revolut ion are genera l ly  s t a t i c a l l y  
s t ab le  about two t r i m  a t t i t u d e s ,  nose forward and base forward. From t heo re t i -  
c a l  considerat ions it w a s  determined t h a t  adding a 50' half-angle conical  after- 
body t o  t h i s  configurat ion would el iminate  the  base-forward s t ab le  t r i m  a t t i t u d e  
so t h a t  unique nose-forward s t a b i l i t y  would be insured.  To inves t iga te  the  aero- 
dynamic s u i t a b i l i t y  of these two shapes, one having a f l a t  base and the  o ther  a 
conical  afterbody, a coordinated study w a s  undertaken a t  the  Ames Research Center.  
Results from previously completed phases o f  t he  experimental por t ion  of t h i s  
coordinated program, which covered a Mach number range from 0 .6  t o  15 i n  air ,  are 
presented i n  references 1 through 4 .  
t he  motions of t he  vehic les  during e n t r y  i n t o  a model Martian atmosphere. 
r e f .  3 . )  

Previous tes ts ,  

These results were used i n  an ana lys i s  of 
(See 

The purpose of t he  present  inves t iga t ion  w a s  twofold: first, t o  measu re  the  
s t a t i c  force  and moment c h a r a c t e r i s t i c s  and the  shape of t h e  bow shock wave on 
both vehic les  a t  a high Mach number i n  the  helium tunnel; second, t o  compare 
these  results with t h e o r e t i c a l  estimates and experimental wind-tunnel da t a  
obtained i n  a i r  over a l imi t ed  angle-of-attack range a t  a high Mach number and 
over the  complete angle-of-attack range a t  a lower Mach number. 

SYMBOLS 

f r o n t a l  area,  -, Kd2 sq  i n .  4 A 

C A 

CD 

Cm 

CN 

d 

i r  

! M 

cl 

axial force  axial-force coef f ic ien t ,  
SA 

drag force  
SA 

drag coe f f i c i en t ,  

p i tch ing  moment 
pitching-moment coe f f i c i en t ,  . .  

qAd 
normal force  normal-force coe f f i c i en t ,  

SA 
maximum body diameter, i n .  

angle between sting-support  a x i s  and longi tudina l  model ax is ,  deg (see 
f i g .  l ( b ) )  

free-stream Mach number 

free-stream dynamic pressure,  p s i a  
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Re free-stream Reynolds number based on diameter, d 

rad ius  of spher ica l  s ec to r  used t o  approximate model forebody f o r  
I Rb 

purpose of ana lys i s ,  i n .  (see f i g .  l o ( a ) )  

x, r body f ixed  cy l ind r i ca l  coordinates (see f i g .  l O ( a ) )  

l a  angle of a t tack ,  r e fe r r ed  t o  body center  l i n e ,  deg 

TEST APPARATUS 

The tes t s  were conducted i n  the  Ames hypersonic helium tunnel,  which is  a 
var iab le  pressure,  constant temperature, closed c i r c u i t ,  blowdown tunnel  with 
interchangeable nozzles contoured t o  obtain Mach numbers of 8, 15, 20, and 26. 
The tunnel  cons i s t s  of: 
6,000 ps ia ,  (2)  a hea ter  f i l l e d  with c a s t  i ron  pebbles t o  maintain a constant 
s tagnat ion temperature during t e s t  runs, (3) a 20-inch diameter cy l ind r i ca l  t e s t  
sec t ion  (with a boundary l a y e r  approximately 5 inches t h i c k  leaving a usable t e s t  
core diameter of about 10 inches) equipped with interchangeable curved o r  f l a t  
o p t i c a l  g l a s s  windows f o r  flow v isua l iza t ion ,  (4)  a model support which cons i s t s  
of a pos i t i on  feedback system ac tua ted  by h y d r a d i c  power and cont ro l led  by an 
e l e c t r i c  programmer through an angle-of-attack range from +30° t o  --15O, ( 5 )  a 
constant diameter d i f fuse r ,  (6) two spheres f o r  low pressure s torage with a t o t a l  
volume of 447,000 cubic feet ,  (7) a seven s tage reciprocat ing type helium com- 
pressor ,  and (8) a helium p u r i f i e r  which maintains helium a t  a p u r i t y  of 99.4 t o  
99.5 percent by volume during tunnel  operat ion.  

(1) a high-pressure r e se rvo i r  f o r  helium storage a t  

I The s t a t i c  forces  and moments were measured with a f i v e  component f lexure  

~ 

1 
type strain-gage balance.  The balance a l s o  served as a support s t i n g  f o r  t he  
models. The da ta  were recorded on a Beckman 210 high speed da ta  recording 
s y s t e m  w h i c h  converted the analog input i n to  d i g i t a l  information which w a s  s tored  

I on magnetic t ape .  

The two models t e s t e d  had i d e n t i c a l  b lun t  forebodies cons is t ing  of a 
spherical. s ec to r  tangent t o  a segment of a to rus  which w a s  tangent t o  a frustum 
of a 10' semivertex angle cone. 
whereas the  o ther  had an afterbody cons is t ing  of a 50° semivertex angle cone. 
Four sting-mounting arrangements were employed t o  cover an angle-of-attack range 
from 0' t o  180° f o r  each configurat ion.  Details of t he  models and sting-support  
arrangements are shown i n  f igure  1. 

The models d i f f e red  i n  t h a t  one had a f l a t  base, 

I TEST PROCEDURE 

The tes t s  were conducted at a free-stream Mach number of 15, free-stream 
Reynolds number of 2.25XlO" (based on maximum body diameter),  a s tagnat ion 
pressure of 1200 ps ia ,  and a s tagnat ion temperature of TO0 F. A r e t r a c t a b l e  
spike w a s  centered i n  f r o n t  of the  model before a run i n  order  t o  reduce the  
blockage i n  the  t e s t  sec t ion  and thereby enable the  tunnel  t o  s ta r t .  A f t e r  

I 
, 

3 



I steady-state conditions were establ ished,  t he  spike w a s  ra i sed  t o  the  upper sur- 
face of t he  t e s t  sect ion.  The spike w a s  lowered again j u s t  before shutdown t o  
reduce the  loading on the  model during t h i s  phase of the  run. 
force,  and pi tching moment were measured and shadowgraphs were taken a t  angles of 
a t t ack  from 0' t o  180° i n  3' increments. 
the  various sting-mounting arrangements overlapped i n  most cases. Good agreement 
of the overlapping da ta  indicates  t h a t  t he  e f f e c t s  of s t i ng  interference were 
small. 

A x i a l  force,  normal 

The angle range of da ta  obtained using 

On both models t he  reference moment center  used f o r  the da ta  reduction w a s  
located 0.482d a f t  of  t he  nose. 
on the model with the  f l a t  afterbody a t  zero angle of a t t ack  and w a s  found t o  be 
l e s s  than the free-stream s t a t i c  pressure so t h a t  the base pressures were negli-  
g ib le  i n  comparison t o  the forebody pressures .  The r e s u l t s  from the  experimental 
invest igat ion of reference 6 indicate  t h a t  the  Mach number can be considered con- 
s t a n t  within the  t e s t  core of the t e s t  sect ion and t h a t  the stream angle i n  the  
t e s t  sect ion had a negl ig ib le  e f f e c t  on the force and moment coef f ic ien ts .  The 
e f f e c t s  of compression of the  helium i n  the  stagnation chamber ( r e a l  gas e f f e c t s )  
were determined from tabulated thermodynamic proper t ies  of helium using the  method 
given i n  reference 7. Deviations f rom the  idea l  gas case amounted t o  about 2 t o  
3 percent.  The e f f e c t s  of  impurit ies i n  the helium were estimated t o  cause about 
a 1-percent e r r o r  i n  the  s t a t i c  pressures (used f o r  the  determination of Mach num- 
be r )  based on r e s u l t s  obtained f rom experiments performed i n  reference 8. 
e r r o r s  due t o  impuri t ies  were neglected i n  the  present invest igat ion.  

(See f i g .  l ( a ) . )  The base pressure w a s  measured 

The 

RESULTS AND DISCUSSION 

Force and Moment Coeff ic ients  

Axial-force, normal-force, and pitching-moment coef f ic ien ts  f o r  angles of 
a t t ack  ranging from 0' t o  180' a re  presented i n  f igure  2 f o r  the  model without an 
afterbody and i n  f igure  3 f o r  t he  model with an afterbody. Several theor ies  were 
employed f o r  estimating the  aerodynamic cha rac t e r i s t i c s  of the models. 
of a l l  coef f ic ien ts  with angle of a t t ack  were estimated by means of  Newtonian 
theory equations of  reference 9 modified f o r  the  pressure l o s s  through a normal 
shock. In  t h i s  method it i s  assumed t h a t  t he  pressure coef f ic ien t  i s  zero ( the  
measured s t a t i c  pressure i s  equal t o  the  free-stream s t a t i c  pressure)  on a l l  p a r t s  
of the  body not facing the  f r ee  stream. A second method w a s  used t o  ca lcu la te  
axial-force coef f ic ien ts  f o r  both models a t  zero angle of attack; t he  flow f i e l d  
behind the  shock wave w a s  calculated using the  method of reference 10 which 
involves a combination of t he  inverse solut ion of t h e  blunt-body problem i n  the 
subsonic and t ransonic  regions and the  method-of-characteristics solut ion i n  the  
supersonic region, but assumes the pressure on the  afterbody i s  zero. A t  a f ree-  
stream Mach number of  13, the  free-stream s t a t i c  pressure w a s  e s s e n t i a l l y  zero. 
The theo re t i ca l  values f o r  cones presented in- reference 11 (herein designated as 
cone theory) were used t o  ca lcu la te  the  axial-force coef f ic ien t  of the  model with 
afterbody a t  an angle of  a t t ack  of 1-80'. 
compared with the  experimental data  i n  f igures  2 and 3. 

Variations 

A l l  of t he  theo re t i ca l  estimates a r e  

For the  model without an afterbody, modified Newtonian theory predic t s  the  
axial-force and normal-force coe f f i c i en t s  very well  up t o  60° angle of a t t ack  and 
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reasonably well  throughout t he  r e s t  of the angle-of-attack range ( f i g s .  2 (a )  and 
2(b) ) . 
t o  angles of a t t ack  of 80° ( f i g .  2 ( c ) ) .  The most s ign i f i can t  differences between 
the  modified Newtonian theory and experiment f o r  t he  pitching-moment coef f ic ien ts  
occur a t  angles of a t t ack  near 1800 where the theory predic t s  s t a t i c  i n s t a b i l i t y  
while the  experimental da ta  ind ica te  t h a t  the  shape i s  s t a t i c a l l y  s t ab le  i n  the  
base-forward a t t i t u d e .  This r e s u l t  i s  consis tent  with t h a t  found i n  another 
invest igat ion of t h i s  shape a t  lower Mach numbers i n  a i r  (ref.  1). 
the  theory does not adequately pred ic t  the  s t a b i l i t y  of  t h i s  shape a t  180 
of a t t ack  may be due t o  a pressure re l iev ing  e f f e c t  near the  edges o f  the  f l a t  
base i n  the  ac tua l  s i t ua t ion ,  whereas Newtonian theory predic t s  a constant 
pressure over t he  e n t i r e  base a t  a given angle of a t t a c k .  The axial-force coef- 
f i c i e n t  a t  zero angle of a t t ack  calculated by the  numerical flow f i e l d  ana lys i s  
( f i g .  2 ( a ) )  i s  near ly  iden t i ca l  with the  experimental da t a .  

Predict ions f o r  the  pitching-moment coef f ic ien ts  a r e  reasonably good up 

The f g c t  t h a t  
angle 

For the  model with afterbody, the  r e s u l t s  a r e  shown i n  f igure  3. These 
r e s u l t s  a r e  almost  i d e n t i c a l  t o  those f o r  the model without afterbody up t o  
angles of a t t ack  of about 60°. Above t h i s  angle the  coef f ic ien ts  a r e  a l t e r e d  
somewhat by the  presence of the  afterbody. The axial-force (except near 180° 
angle of a t t ack )  and normal-force coef f ic ien ts  agree reasonably well  with the  
modified Newtonian theory throughout the  angle-of-attack range (see f i g s .  3(a) 
and 3(b)). The predict ion of t he  axial-force coef f ic ien t  a t  1800 angle of a t t ack  
based on the theo re t i ca l  value f o r  cones i s  considerably d i f f e ren t  from the  
Newtonian estimate, the  cone theory underestimating and the  Newtonian theory 
overestimating the  experimentally determined values .  A shadowgraph taken with 
the  model a t  1800 angle of a t t ack  i s  shown i n  f igure  4.  
ca tes  t h a t  t he  shock wave begins t o  curve toward the  body about halfway along 
the  conical f ace .  Thus, the  lack  of agreement between the  cone theory and exper- 
iment may be a t t r i b u t e d  t o  the apparent absence of t r u l y  conical flow as indicated 
by t h i s  curved shock wave. 

This shadowgraph indi-  

The most s ign i f i can t  e f f e c t  of adding the afterbody i s  the  a l t e r a t i o n  of the  
pitching-moment curve a t  la rge  angles of  a t tack .  
t h a t  t he  model with afterbody i s  unstable i n  t he  base-forward a t t i t u d e  and, fur- 
thermore, t h a t  Newtonian theory predic t s  t h i s  r e s u l t .  A s  pointed out i n  r e f -  
erence 1, t h i s  r e s u l t  ind ica tes  the  configuration without afterbody would 
probably be a l e s s  des i rab le  en t ry  capsule than the  configuration with afterbody 
because i t s  s t a t i c  s t a b i l i t y  i n  both the  nose-forward and base-forward a t t i t u d e s  
would not allow a unique nose-forward a t t i t u d e  t o  be a t t a ined ,  by aerodynamic 
e f f e c t s  alone. Therefore thermal pro tec t ion  would be required on both ends of 
t h i s  vehicle .  

It i s  shown i n  f igure  3(c)  

Comparison of Helium D a t a  With A i r  Data 

To determine whether t he  helium tunnel r e s u l t s  agree with those obtained i n  
a i r  the  drag-force and pitching-moment coef f ic ien t  data of t h i s  inves t iga t ion  
a r e  compared with a i r  da ta  obtained f o r  the  same Mach number i n  the  f r ee - f l i gh t  
t e s t s  reported i n  reference 4 .  These comparisons f o r  the  model without afterbody 
a r e  shown i n  f igure  5 wherein estimates based on the  modified Newtonian theory 
f o r  a i r  (which includes r e a l  gas e f f e c t s )  and helium a re  a l so  included. The 
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measured drag coe f f i c i en t s  i n  helium f o r  
8 percent  lower than those obtained i n  a i r  f o r  
a t t ack  range from 00 t o  25O. 
technique used t o  obta in  the  r e s u l t s  of reference 4 does not allow an exact meas- 
urement of t h e  drag coe f f i c i en t  a t  a f ixed  angle of a t tack ,  bu t  ins tead  provides 
an average value of t he  drag coe f f i c i en t  over complete cycles of o s c i l l a t o r y  
motion of various amplitudes. The theory provides good estimates of t he  t rends  
with angle of a t t a c k  and d i f fe rences  due t o  gas composition but  p red ic t s  values 
about 4 percent  high i n  each case.  

R e  = 2.25X106 (see f i g .  5 ( a ) )  are about 
R e  = 2 . 8 ~ 1 0 ~  f o r  t h e  angle-of- 

It should be  noted t h a t  t he  f r ee - f l i gh t  t e s t i n g  

The pitching-moment coe f f i c i en t s  f o r  helium and a i r  a r e  compared i n  f ig -  
ure 5 ( b ) .  
described i n  reference 4 which relates the  p i tch ing  and yawing motions of a sym- 
metr ica l  body i n  f r e e  f l i g h t  t o  a cubic va r i a t ion  of p i tch ing  moment with angle 
of a t t a c k .  Good agreement between the  helium and a i r  da t a  i s  noted f o r  low 
angles of a t t a c k .  
t he  techniques used t o  obta in  the  a i r  da t a  were qui te  d i f f e r e n t  from those used 
t o  obtain the  helium data . )  The Newtonian theory ind ica tes  t h a t  l i t t l e  d i f f e r -  
ence i s  t o  be expected between the  a i r  and helium da ta  and t h i s  i s  i n  f a c t  t h e  
result t h a t  i s  obtained from a comparison of the  da t a  i n  f igu re  5 ( b ) .  

The r e s u l t s  from the  f r ee - f l i gh t  t es t s  were obtained by a method 

(This comparison i s  not  e n t i r e l y  conclusive, however, s ince 

It i s  a l s o  of i n t e re s t  t o  compare the  Mach number 15 helium results of th i s  
inves t iga t ion  with the  Mach number 5.5 a i r  da ta  of reference 1. The comparison 
i s  made i n  f igu re  6 f o r  t he  model without afterbody, and i n  f igu re  7 f o r  t h e  
model with af terbody f o r  an angle-of-attack range extending from Oo t o  180~. 
Axial-force, normal-force, and pitching-moment coe f f i c i en t s  are shown together  
with est imates  based on modified Newtonian theory and cone theory.  
agreement i n  the  force and moment c h a r a c t e r i s t i c s  between t h e  two sets of da t a  i s  
noted f o r  both models even though the  a i r  da t a  were obtained a t  a subs t an t i a l ly  
lower Reynolds number. 
es t imates  of t he  small d i f fe rences  i n  the  da ta  due t o  Mach number and gas compo- 
s i t i o n .  A t  180° angle of a t t a c k  the  cone theory f o r  a i r  a l s o  underestimates the  
experimentally determined l e v e l  f o r  t he  a i r  da t a  by about t he  same amount as the  
cone theory f o r  helium does f o r  t h e  helium da ta  (see f i g .  7 ( a ) ) .  
t h a t  t h e  shadowgraphs i n  reference 1 f o r  the  model with af terbody a t  180° angle 
of a t t a c k  showed the  same fea tu res  t h a t  were noted i n  the  present  invest igat ion;  
namely, t h a t  t he  shock wave w a s  a t tached  and t h a t  it curved s l i g h t l y  toward the  
body. Further comparisons of t he  helium da ta  of t h i s  inves t iga t ion  and a i r  da t a  
a t  Mach numbers from 0 .6  t o  5.5 are made i n  reference 5 wherein a l l  of the  da t a  
obtained i n  the  coordinated Ames program f o r  both the  models with and without an  
af terbody a re  summarized. 

Excellent 

Both modified Newtonian and cone theory provide reasonable 

It w a s  observed 

Shock-Wave Shapes 

An accurate  knowledge of the  loca t ion  of t he  shock wave about t he  forebody 

A t y p i c a l  shadowgraph of the  model without after- 
The shock-wave shape, 

port ion of t he  model i s  usefu l  f o r  pred ic t ing  surface pressures  and f o r  ca lcu la t -  
ing r ad ia t ive  heat  t r a n s f e r .  
body taken a t  zero angle of a t t a c k  i s  shown i n  f igu re  8 .  
corrected f o r  magnification e r r o r s  caused by the  curved windows i n  the  wind tunnel  
i s  shown i n  f igu re  9 .  The cor rec t ion  i s  based on an experimental ca l ib ra t ion  of 
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the window and is accurate to within 1 percent of the true shock-wave shape. A 
numerical solution based on reference 8 is also shown in this figure and it is 
noted that its agreement with the helium data is very good. 

A method for defining the shock-wave shape around the forebody portion of 
bodies with spherical noses at angle of attack is presented in reference 12. 
This method is based on: 
and the body surface, (2) oblique shock relationships, and (3) a correlation of 
stagnation-point velocity gradient with Mach number. 
method to the present configurations, it was necessary to approximate the fore- 
body of the models with a spherical sector. It was found that a TO0 half angle 
spherical sector with radius equal to 0.442d provided a good approximation to the 
actual forebody. The trace of the sonic point at the surface was assumed to be 
located at a polar angle of 45O with respect to the stagnation streamline. The 
results of the prediction are compared with the data in figure 10. The prediction 
is valid either in the re ion where the flow is subsonic or in the subsonic region 
up to a polar angle of 70 on the body, whichever is smaller. 
is the limit to which the hypothetical spherical body approximates the actual one 
(see fig. 1 0 ( d ) ) .  
points located 4 5 O  from the stagnation point on the hypothetical spherical body. 
Therefore the shock-wave shape and stand-off distance about the body stagnation 
point at all angles of attack are identical. The data agree with the predictions 
of the shock-wave shape for angles of attack from 0' to 60°. However, at TO0 and 
80° angle of attack the prediction of the shock position is inaccurate (see 
figs. 10(h) and lO(i)) probably because of the deviation of the hypothetical body 
from the actual body. 
of the shock wave in the vicinity o f  the stagnation streamline can be predicted 
reasonably well up to high angles of attack. 

(1) the continuity of mass flow between the shock wave 

In order to apply this 

8 The angle of TO0 

The calculations at all angles of attack are based on sonic 

These comparisons indicate that the location of the portion 

SUMMARY OF FUCSULTS 

Force and moment coefficients and shock-wave shapes were measured in helium 
at M = 1 and at 
blunt, 10 semivertex angle conical forebody with no afterbody and with a conical 
afterbody having a semivertex angle of 50'. 
angle-of-attack range from 0' to 1-80'. 

Re = 2.25XI-O" on two configurations consisting of a short, 2 
Measurements were taken over an 

The following results were obtained: 

1. The data indicate that the configuration with a conical afterbody is 
statically stable in the nose-forward attitude only, whereas the configuration 
with no afterbody is statically stable in both the nose-forward and base-forward 
attitudes. 

2. The predictions of modified Newtonian theory agree fairly well with the 
data for axial force, normal force, and pitching moment. The only serious 
deviation occurs for angles of attack near 180' for the model with no afterbody. 
In this region, the theory indicates static instability whereas the experiment 
indicates static stability. The value of the axial-force coefficient obtained 
from a numerical calculation of the flow field at zero angle of attack agrees 
quite well with the helium data. 
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3 .  The helium da ta  agree reasonably w e l l  with the  drag and pitching-moment 
M = 15 and Re = 2.8~10~ (angle-of-attack meas- coe f f i c i en t s  obtained i n  a i r  a t  

urement range from 0' t o  25') and with the  axial-force,  normal-force, and 
pitching-moment coe f f i c i en t s  i n  a i r  a t  
measurement range from 0' t o  1-80'). 

M = 5.3 and R e  = 0.6XLo6 (angle-of-attack 

4. The shock-wave shapes obtained from shadowgraphs i n  the  cur ren t  t es t s  
agree w e l l  as t o  the  loca t ion  and shape with a numerical ca lcu la t ion  of t he  flow 
f i e l d  a t  zero angle of a t t a c k  and with an approximate pred ic t ion  (appl icable  t o  
a smabl region near the  s tagnat ion po in t )  over an angle-of-attack range from Oo 
t o  60 . 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field,  C a l i f . ,  Nov. 6, 1962 
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I O "  Moment reference 
/ center 

L . 8 2 0  d ___)( 

Model without afterbody 

L- 1.238 d d 
Model with afterbody 

(a) Model d e t a i l s .  

0" 60" 120° 180" 

(b) Support arrangement for model. 

Figure 1.- Models and t h e i r  support arrangements. 
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